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Abstract 
Clinical practice guidelines (CPGs) are indispensable in the 
practice of evidence-based medicine. However, the cost of 
effective CPG dissemination strategies is prohibitive and not 
cost-effective. Therefore, scalable strategies using available 
technology are needed. We describe a formal model-driven 
approach to design a gamified e-learning system for clinical 
guidelines. We employ gamification to increase user motivation 
and engagement in the training of guideline content. Our 
approach involves the use of models for different aspects of the 
system, an entity model for the clinical domain, a workflow 
model for the clinical processes and a game model to manage 
the training sessions. A game engine instantiates a training 
session by coupling the workflow and entity models to 
automatically generate questions based on the data in the 
model instances. Our approach is flexible and adaptive as it 
allows for easy updates of the guidelines, integration with 
different device interfaces and representation of any guideline. 
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Introduction 
Over the past three decades, the concept of evidence-based 
medicine has become the pre-eminent paradigm in informing 
clinical decision making. Evidence-based medicine is the 
conscientious, explicit, and judicious use of best evidence in 
making decisions about the care of individual patients [1]. The 
volume of published medical literature is immense and it is 
practically impossible for a clinician to read and appraise all the 
available evidence. This has led to efforts to systematically 
appraise the literature and provide summaries of the evidence 
in the form of clinical guidelines that can be more easily 
consumed by healthcare workers. 
Clinical guideline are statements that include recommendations 
intended to optimize patient care. They are informed by a 
systematic review of evidence and an assessment of the benefits 
and harms of alternative care options [2]. Guidelines serve a 
variety of functions such as improving effectiveness and quality 
of care, decreasing variations in clinical practice, and 
decreasing costly and preventable mistakes and adverse events 
[3].  
Development of clinical guidelines is not by itself enough. For 
a health system to derive value from available guidelines, 
effective dissemination and implementation strategies have to 
be employed to facilitate the integration of the guideline 
recommendations in clinical practice. Dissemination refers to 
the methods by which guidelines are made available to potential 
users, while implementation refers to ensuring that the users act 
on the recommendations [4]. Currently, there is no consensus 
on the most effective dissemination strategies although the use 
of a multifaceted dissemination approach has been found to be 
more effective than single interventions [5,6]. Further, the 
passive distribution of printed educational material on care 
guidelines was found to be less effective than active approaches 
such as educational outreaches [7]. 
Despite the observed effectiveness of educational outreaches as 
a dissemination strategy, these often require significant 
financial and human resource commitment that might not be 
readily available in low resource settings. For example, the 
Emergency, Triage, Assessment and Treatment plus Admission 
care (ETAT+) course is a 5.5 day course developed in Kenya to 
train healthcare workers on the guidelines for emergency 
paediatric care. During its initial implementation, the cost of the 
whole training for 32 participants using 5 facilitators cost $5000 
for facilitators and meals, not to mention the cost of having 
providers away from work and the often associated additional 
costs for trainings provided at a conference facility [8]. This is 
neither scalable nor sustainable. 
To address these dissemination challenges, new, innovative and 
cost-effective strategies that leverage contemporary 
technologies need to be employed [9]. A study conducted in 
Kenya showed that ownership of mobile phones among 
healthcare workers was nearly universal with 98.6% of 
respondents reporting mobile phone ownership and 75% 
reporting using their mobile phones to access work-related 
information [10]. This provides an opportunity to use the 
mobile electronic platforms to conduct educational outreach in 
a scalable, cost effective and automated fashion.  
In this paper, we describe a formal model driven approach to 
the design of a gamified elearning system for clinical 
guidelines. Gamification is the use of game design elements in 
non-game contexts [11]. It uses game-based mechanics, 
aesthetics and thinking to engage people, motivate action, 
promote learning and solve problems [12]. The term 
“Gamification” is relatively new and has been used to describe 
the use of game-based concepts and techniques outside 
recreational activities, with the goal of increasing the 
motivation and engagement of the participants and improving 
the results. The benefits of gamification are an increase in 
motivation and engagement, which can be applied in education 
or work-related contexts.  
To be effective, gamification of guidelines would require 
flexibility and adaptiveness as the users have various learning 
styles. In this paper, we describe an innovative model-driven 
approach for dissemination of a gamified eLearning system for 
clinical guidelines, and the resultant prototype of this system. 
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Model Driven Engineering 
To design our gamified training system, we aim to use a model 
driven engineering (MDE) approach. MDE is a system 
development paradigm that promotes the use of models as the 
primary artefacts that drives the whole development process 
[13]. An MDE approach provides several advantages that we 
leveraged for our purposes. First, it improves communication 
by exploiting abstraction and domain-specificity which can 
target different audiences. Secondly, MDE facilitates 
separation of the specification of system functionality from the 
specification of the implementation of that functionality on a 
specific technology platform. This is especially significant 
since technology platforms are in a constant state of flux, 
changing frequently in response to business needs and 
technological development. By adopting MDE, the business 
logic of the system and its application technologies can evolve 
independently of each other. Implementations execution is mad 
easier by abstraction on different platforms while maintaining 
the structure and behaviour of the system. 
In MDE, models are specified using modelling languages. A 
modelling language is defined by a metamodel (a model of 
models) and is a set of all possible models that conform to this 
metamodel [14]. There are two types of modelling languages, 
namely: (1) General Purpose Modelling Languages (GPLs) and 
(2) Domain-Specific Modelling Languages (DSLs). GPLs, as 
the name suggests, tend to be general and with poor support for 
domain-specific notation. Conversely, DSLs are tailored to a 
specific application domain that offers appropriate notations 
and abstractions. DSLs are thus more expressive and easier to 
use with concomitant gains in productivity and maintenance 
costs [14]. The abstract syntax of the DSL is a 
conceptualization of all the concepts, abstractions and relations 
underlying the domain represented as a model which acts as the 
metamodel of the modelling language. 
A metamodel architecture introduces a generic pattern of 
metamodelling hierarchy in which models at each level are 
specified by a modelling language at the level above it and 
conform to the corresponding metamodel of the language. 
Figure 1 illustrates a metamodelling hierarchy where a model 
Mi at a certain level i (e.g. M0, M1 etc) conforms to a metamodel 
Mi+1 at the level above until a model Mj has itself as metamodel, 
called a reflexive model.  
However there are several aspects to design in a software model 
which requires the co-ordination of multiple models. These 
aspects include the design of information systems that have 
several sub-systems that communicate with each other. Rabbi 
et al. proposed to use an integration of multiple metamodeling 
hierarchies to co-ordinate various aspects of a system [15]. Our 
approach is also based on the idea of coordination of multi-
metamodeling hierarchy where we integrate entity models, 
workflow models and models that represents the gaming 
aspects of a training program. Below, we describe each of these 
models and their integration within our model. 
 
Figure 1:Generic pattern: modelling languages and 
metamodels [16] 
Entity Model 
In order to conceptualize the clinical encounters, we define an 
entity model relevant to the medical domain. This involves 
identification of the significant concepts in the clinical 
encounter, with a clear delineation of their attributes and 
relations (Figure 2). The figure shows a constraint 
[preCondition] implied over the relations on patient, diagnosis, 
and treatment. The semantic of the constraint specifies that "for 
every treatment, patients' diagnosis needs to be confirmed". 
This clinically-relevant entity model forms the data model from 
which the game engine populates instances in the workflow 
model (see below).  
 
Figure 2: A simplified entity model of the clinical encounter 
domain 
Workflow Model 
Once the entity model is defined, we define the workflow 
model. Clinical practice guidelines can run into tens or 
hundreds of pages and are usually summarized in algorithmic 
flow charts that show the process of treatment for a given 
scenario. Our approach leverages the flowchart structure of the 
guideline summaries to design our workflow model. 
Figure 3 demonstrates the use of the metamodelling hierarchy 
to depict the flow of tasks during a clinical encounter using an 
use case of asthma. At level M2, we have a meta-metamodel 
showing the abstraction of how tasks flow from one to the next. 
Level M1 shows a generic abstraction of the process of a clinical 
encounter from the initial assessment, diagnosis, treatment and 
evaluation of the treatment, after which the treatment can be 
repeated or the patient reassessed afresh to review the 
diagnosis. Finally, at level M0, we show an instance of the 
recommended flow of tasks when treating a child with asthma. 
 
Figure 3: Workflow model showing the flow of tasks during a 
clinical encounter 
Game Model 
The design of gamified e-learning systems should be 
undertaken in view of the core concepts of games i.e. goal-
oriented activities with reward mechanisms and progress 
tracking [17]. To become familiar with guideline content, 
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learners need to know how to treat the different aspects of a 
disease condition as outlined within the guideline. Game 
models use reward mechanisms and progress tracking aids in 
order to increase the users engagement and motivation. 
The game engine in our model automatically generates 
questions from the entity and workflow models to instantiate a 
training module. The questions are categorized according to the 
learner’s skill level (beginner, intermediate, advanced). The 
model also specifies a learner profile that tracks the learner’s 
activities. Figure 4 shows the model for the game engine. 
 
 
Figure 4: Game model 
Integrated Training Model 
The training model is built by coupling and coordinating the 
entity and workflow models discussed above based on the 
principles introduced by Rabbi et al [15]. The states of the 
training module (TM) are defined by a set of elements that 
include a pair of workflow instance (WI) and an entity instance 
(EI): TMi = <EIi, WIi>. This coupling of models is illustrated 
in Figure 5. Here, we show a part of the entity model with 
values from a given scenario where based on the History & 
Examination findings, a Diagnosis of Severe Asthma is made 
and its Treatment specified. The flow of how this process 
should happen is shown in the workflow model.  
The game engine instantiates a training session by generating 
questions based on the entity model and workflow model. For 
example, it could initially generate a scenario based on the 
patient details and history and examination findings and ask 
what the diagnosis is. If answered correctly, it will move on to 
the next task and ask about the treatment. A training session is 
composed of a sequence of training modules and is evolved 
from the initial state of a training flow and progresses based on 
the answer provided by the user. 
 
Figure 5: Coupled entity and workflow models 
Figure 6 illustrates the idea of the progression of the states of 
training session. Depending on the answer given by the user a 
game engine consults with the training flow and evolves the 
state of the training session. We use the diagram predicate 
approach for representing the status of our training modules and 
their transformation [18]. Two annotations < Enabled > & < 
Disabled > are used to represent the current status of the 
training modules. A training module TM0 when annotated with 
the < Enabled > predicate indicates that the training module is 
currently active and is being considered for training. Once TM0 
is completed successfully, it is disabled and TM1 is enabled. 
This continues until the training session is over. If a wrong 
answer is given the training module is repeated with hints until 
the correct answer is given. 
 
 
Figure 6: Progression of the states of the training session 
Model Based Analysis 
Since our approach is based on models, there are lot of 
opportunities to make sure the guideline scenarios being 
represented by the models are correct. We use model 
transformation rules to control the flow of training sessions. 
Transformation rules are often used in an MDE approach to 
encode the knowledge of a transformation that can be analyzed. 
This allows us to perform reasoning over the models. This 
means anylizing the models for validity, semantic consistencies 
and inconsistencies. For example we can perform reasoning 
over the models to answer the following questions: 
 Are there sufficient number of questions to run a 
training session? 
 Classify the questions over different stages e.g., 
identify questions that belong to the ‘Diagnosis and 
Assessment’ stage of a guideline training. 
 Can we use a computer system such as that one by 
Alloy to randomly produce a scenario and generate 
questions [19]? How can we make sure that the 
scenarios are valid instance of a guideline? 
 If there are certain number of questions to be asked in 
a session, what informaiton are common among the 
questions?  
 How can we find out an order of the questions that 
complies with the order of the guideline?  
We have applied DPF constraint checking [18] to find answer 
to some of the reasoning questions mentioned above. The 
fundamental idea of DPF constraint checking is based on the 
principle of category theory. Several techniques have been 
studied in [20] to produce valid DPF instances that satisfies the 
constraints in the metamodel. However, the technique has not 
been applied for multilevel metamodeling. In future, we will 
enhance the technique presented in [20] and use Alloy to 
randomly produce valid guideline scenarios.  
Modular Architecture 
The vision of this approach is to develop general components 
that can be utilized in the development of training programs for 
different guidelines. Figure 7 shows the overall architecture of 
our system. The training management module contains reusable 
elements that control the flow of questions in a training session 
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and keeps usage logs. The entity models are the elements that 
should differ from one training program to another, however 
their metamodel should remain the same. The game engine 
components of the architecture is responsible for integrating 
with other systems. As an example, in this architecture, we 
show how the game engine is being interfaced with the 
dialogflow framework of Google assistant and the React 
framework [21] [22].  
 
Figure 7: Overall architecture of the MDE approach 
Learning Analytics 
In our implementation, we utilize learning analytics for 
providing better training environment for the user. The training 
program records the history of training sessions. Therefore, we 
can perform some analysis over the training data such as 
whether the questions are too easy or too difficult for learners. 
While presenting questions to the user, the system does not only 
know how many questions the user has correctly answered, but 
also the time taken by the user to finish a training session. This 
allows the trainers to adjust the difficulty of the training 
sessions. Learning analytics are to identify the part of a training 
session that students often struggle with and the outcome of a 
session. A dashboard for the trainers with visualization can then 
be used to show the progress of the trainees. The goal is to make 
the training programs adaptable for various levels of difficulty 
to increase learners’ interest to the sytem for practicing use of 
guidelines. This adaptability cannot be achieved without use of 
the learning analytics. The application of MDE enables 
achievement of this requirement as all the training programs 
share an abstraction. Building a visualization is therefore 
achievable in general across different training modules. With 
this model, machine learning techniques can also be applied to 
automatically adjust the difficulty of training sessions.  
Results 
The approach we describe in this paper has been materialized 
through a prototype tool for the gamification of CPGs. The 
specific use-case we employ is based on asthma care guidelines 
[23]. The model based approach for game engine allows us to 
develop and/or customize a new training program by making 
changes in the model. The MDE approach for modularizing 
different components of the system and its seperation from the 
user interaction allows us to integrate with various frameworks 
of user interaction such as Google’s Dialogflow and React 
Framework [21] [22]. Since the model for the guideline and 
gamification remains the same, adding various techniques such 
as mobile-based interaction and voice-based interaction 
requires very small effort. With the prototype tool we show the 
potential of using MDE approach supporting different learning 
style of students. With the proposed idea of applying learning 
analytics for providing adaptive training to the trainee will 
provide better training results.  
One indirect result of our approach is the support for innovating 
technologies. The generalized game engine can be integrated 
with new platforms such as Amazon Echo, integration with IoT 
devices that are used in clinical setup e.g., robot doll patients.  
Another result is the support for ICT research in the training of 
practitioners. Data science and machine learning techniques can 
be used to understand the learning pattern of students and adapt 
them for better learning outcome.  
Discussion 
This work presents a model-driven approach to the design of an 
elearning system for clinical guidelines. Most current research 
on the use of gamification in medical education is focused on 
the effect of the educational games in knowledge and skill 
acquisition and on their acceptability. Akl et al present an 
educational game for teaching clinical practice guidelines to 
internal medicine residents [24]. In their description, domain 
experts developed multiple choice questions based on clinical 
guidelines which were then uploaded into the system via a 
question editor. This approach is inefficient in both the manual 
development of questions, and in the static nature of available 
questions. Our model-based approach allows for questions to 
be generated automatically, and the learner analytics platform 
helping to adapt the questions to the strengths and weaknesses 
of the learner. The automation of different aspects of the system 
means that once it is set up, it will require minimal resources to 
maintain, hence saving costs. 
Our modular approach provides several other advantages. It 
makes it easier to update guidelines as only parts of the entity 
and workflow models change while the rest of the system 
remains the same. It is flexible also enough to allow for 
integration with various devices supporting different means of 
user-interaction and the abstraction of the clinical processes 
allows for the representation of any guideline. Further, the use 
of gamification will potentially enhance the learning experience 
by increasing student engagement with the learning material as 
reported in several studies [11,17,25]. 
There are a number of limitations to the gamified elearning 
system we describe in this work. First, full training of guideline 
content that requires the learning of some physical skills - such 
as performing cardiopulmonary resuscitation (CPR) – cannot 
be fully performed using our system as our system can only 
train on guideline content that do not require hands on training. 
Secondly, dissemination and implementation of clinical 
guidelines is a continuum that cannot be separated. Our system 
only addresses the dissemination half of that continuum and is 
not enough to bridge the gap between recommended and actual 
practice. Finally, there are several non-technological barriers to 
adherence to clinical practice guidelines, [26] and our system 
only addresses two of these barriers: lack of awareness and lack 
of familiarity with the guidelines. 
In the near future, we plan to enhance our prototype tool for the 
development of other clinical guidelines. We wil also evaluate 
the acceptability and effectiveness of the proposed technique as 
a dissemination strategy for clinical guidelines within resource-
limited settings. 
Conclusions 
We set out to design a gamified e-learning system for the 
training of clinical practice guideline content. Our approach 
allows for a flexible, adaptive and potentially cost-effective e-
learning system.  
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